Gene expression
Adipose tissue is composed of various cell types, including adipocyte (fat cell), macrophages, endothelial cells, fibroblasts, and adipose precursor cells (Frühbeck, 2008) .
Adipose tissue is commonly found in all mammalian species as well as a number of non-mammalian species (Hausman et al., 2001) . Formation of adipose tissue in mammals begins in utero and continues throughout life time. Based on histological and molecular characteristics, mammalian adipose tissue is separated into two types, white adipose tissue (WAT) and brown adipose tissue (BAT) (Berry et al., 2013) . It is generally considered that WAT is specialized for energy storage and BAT is chiefly involved in energy consumption and heat generation (Berry et al., 2013) . In spite of the presence of functional and morphological differences, adipocytes in WAT and BAT are originated from a common stellate or fusiform precursor cells derived from mesenchymal cells (Frühbeck, 2008) .
Adipose tissue usually exists in a depot form, and there are two classes of WAT, subcutaneous and visceral WAT, according to regional, developmental timing, and molecu-lar features, and biological functions (Berry et al., 2013) .
Visceral WAT is further divided into retroperitoneal, perigonadal, and mesenteric WATs, which have specific and distinct morphology and texture (Berry et al., 2013) . The epididymal fat depot is included in perigonadal WAT and embeds the efferent ductules located between the testis and the epididymis. In the rat, the weight of epididymal fat during postnatal development becomes remarkably increased in several hundred-fold (Hubbard & Matthew, 1971; Cleary et al., 1977) . The increase of epididymal fat weight with aging is due to not only an increase of fat cell number but also an increase of fat cell size (Cleary et al., 1977) . In addition to the changes in fat cell, weight of non-lipid filled cells in the epididymal fat during postnatal development is also increased at a lower rate than that of fat cell (Cleary et al., 1977) . Even though the gross change of epididymal fat from the early pubertal age to the adult age has been briefly studied, the change of epididymal fat at the prepubertal and/or the elderly age has not been examined yet. Direct exchanges of small molecules, such as signaling particles, metabolites, and even ribonucleic acid (RNAs), between neighboring cells are permitted through connexon (Goodenough et al., 1996) . There are 20 Cx isoforms identified in mammals to date, and expression of Cx isoforms in various tissues has been examined from a number of researches (Goodenough et al., 1996; Willecke et al., 2002) .
Some Cx isoforms are present in a broad range of tissues and/or cell types, while expression of certain Cx isoforms is restricted into specific cell types (Pointis et al., 2005) .
Even though it is not largely examined, expression of Cx isoforms and possible role of Cx isoforms in fat tissues have been studied (Burke et al., 2014; Kim et al., 2017) .
Among the male reproductive tract, expression of Cx isoforms in the testis and epididymis has been extensively evaluated by other and our previous researches (Hejmej et al., 2007; Han & Lee, 2013) . However, it is hard to find any report on the presence and/or expression of Cx isoforms in the epididymal fat.
Thus, the present research was focused to examine the presence of Cx isoforms in the rat epididymal fat at messenger RNA (mRNA) level and, if so, expressional patterns of Cx isoforms during postnatal development from the neonatal age to extremely old age.
Experimental animals and collection of the tissue
Male pups of Sprague Dawley rat were obtained from pregnant female rats (n=10) caged individually upon the delivery (Samtako, OSan, Korea). The neonatal and young male rats at 1 week (n=10), 14 days (n=10), and 24 days (n=8) were used for the present research. Male rats at 44 days of age (n=7) were purchased from Samtako. These animals were allowed free access to food and water throughout the experiment. Male Sprague Dawley rats at 5 months (n=5), 1 year (n=3), and 2 years (n=3) of ages were kindly supported by Aging Tissue Bank (Department of Pharmacology, Pusan National University, S. Korea).
To collect the epididymal fat, the experimental animal was anesthetized by CO2 stunning, and an opening was made on lower abdominal area by a pair of scissors. The entire reproductive tract, including epididymal fat, testis, and epididymis, was dissected out and rapidly placed in cold-PBS (phosphate-buffered saline) containing dish. The epididymal fat was separated from the rest of reproductive tract, and the efferent ductules embedded within the epididymal fat were carefully removed. The fat was quickly washed with a fresh cold-PBS and frozen in liquid nitrogen. The fat tissue stored in -80℃ was used for total RNA isolation within a week after the tissue isolation. (Fig. 1A) . The expressional level of Cx26 at 1 year of age was about 4 times higher than that at 5 months of age (Fig. 1A) . Compared with the level of Cx26 mRNA at 1 year of age, over 7.5-fold increase of Cx26 transcript level was observed at 2 years of postnatal age (Fig. 1A) .
Expression of Cx31 was first significantly increased at 14 days of age, and the level of Cx31 transcript was remained in steady until 24 days of age (Fig. 1B) . However, the level of Cx31 mRNA was significantly decreased and became the lowest level during postnatal development (Fig. 1B) .
Expressional level of Cx31 at 5 months of age was higher than 14 and 24 days of ages, and a huge increase of Cx31 
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PCR, polymerase chain reaction, Cx, connexin; Gja, gap junction protein, alpha; Gjb, gap junction protein, beta; Gjd, gap junction protein, delta; Actb, actin, beta.
expression was detected at 1 year of age (Fig. 1B) . The level of Cx31 transcript at 2 years of age was more than 3 times higher than that at 1 year of age (Fig. 1B) .
2 Expressional patterns of Cx31.1 and Cx32 expression in the epididymal fat of rat during postnatal period
There was no significant change of Cx31.1 transcript level until 5 months of age ( Fig. 2A) . However, a tremendous increase, about 30 times, of Cx31.1 mRNA level was detected at 1 year of age, followed by an additional increase of the transcript level at 2 years of age ( Fig. 2A) .
A significant increase of Cx32 transcript level was observed at 14 days of age, followed by a drop at 24 days of age to the level of Cx32 mRNA at 7 days of postnatal age (Fig. 2B) . No significant change of Cx32 transcript level was detected until 44 days of age (Fig. 2B) . However, the level of Cx32 mRNA was significantly increased at 5 months of age (Fig. 2B) . Expression of Cx32 in the epididymal fat was significantly increased at 1 year of age, compared with that at 5 months of age (Fig. 2B) . A vast increase, over 25-fold, of Cx32 transcript level at 2 years of age was followed (Fig. 2B) .
Expressional patterns of Cx33 and Cx36 expression in the epididymal fat of rat during postnatal period
Expressional level of Cx33 in the rat epididymal fat was first significantly increased at 14 days of age, and an additional increase of Cx33 transcript level was observed at 44 days of postnatal age (Fig. 3A) . A further induction of Cx33 expression was found at 5 months of age, followed by mostly 5-fold increase of Cx33 transcript level at 1 year of age (Fig. 3A) . But, the level of Cx33 transcript at 2 years of postnatal age was significantly decreased (Fig. 3A) .
There was no significant change of Cx36 transcript level until 24 days of age (Fig. 3B) . However, an increase of Cx36 mRNA level was observed at 44 days of age, and the level of Cx36 transcript at 5 months of age was significantly higher than that at 44 days of age (Fig. 3B) . A great jump of Cx36 transcript level was detected at 1 year of age, followed by a further significant increase of the level at 2 years of age (Fig. 3B ). epididymal fat during postnatal development. The levels of Cx37 transcript at 14 and 24 days of age were significantly higher than that at 7 days of age (Fig. 4A) . But, transcript level of Cx37 at 44 days and 5 months of age was lower than those at 14 and 24 days of age but still higher than that at 7 days of age (Fig. 4A ). An increase of Cx37 mRNA level was found at 1 year of age, and a rise of Cx37 transcript level was additionally detected at 2 years of age (Fig. 4A ).
Expressional patterns of
The level of Cx40 transcript in the rat epididymal fat was significantly induced at 14 days of age, compared with that at 7 days of age (Fig. 4B) . Another significant increase of Cx40 mRNA level was detected at 24 days of age, followed by a quick drop of the level at 44 days of age ( (Fig. 4B) . Expressional level of Cx40 in the rat epididymal fat at 2 years of age was 2 times higher than that at 1 year of age (Fig. 4B) .
Expressional patterns of Cx43, Cx45, and Cx50
expression in the epididymal fat of rat during postnatal period
Expressional level of Cx43 in the rat epididymal fat was not significantly changed until 24 days of age (Fig.   5A ). There was the first significant increase of Cx43 transcript level at 44 days of age, followed by a drop of the level at 5 months of age (Fig. 5A) . However, another significant surge of Cx43 mRNA abundance was detected at 1 year of postnatal age (Fig. 5A ).
The transcript level of Cx45 was significantly increased at 24 days of age, and a further increase of Cx45 mRNA level was followed at 44 days of age (Fig. 5B) . The level of Cx45 transcript was significantly decreased at 5 months of age, but was again increased at 1 year of age (Fig. 5B) . The highest expression level of Cx45 was observed at 2 years of age (Fig. 5B) .
The transcript level of Cx50 was not changed until 24 days of age, followed by a significant decrease at 44 days of postnatal age (Fig. 5C ). However, a surge of Cx50 transcript level was found at 5 months of age (Fig. 5C ). The level of Cx50 transcript at 1 year of age was about 25 times higher than that at 5 months of age (Fig. 5C ). The transcript level of Cx50 at 2 years of postnatal age was over 1-fold higher than that at 1 year of age (Fig. 5C ). involving in regulation of spermatogenesis in the testis (Chu et al., 2010) . The epididymal fat expresses a number of adipose genes at a relatively high level, including leptin, adiponectin, and perilipin (Liu et al., 2011) . In addition, it has been observed that the aging could give an impact on global gene expression in the epididymal fat (Liu et al., 2011) . Pinterova et al (2000) have found that the rat epididymal fat expresses all components of renin-angiotensin system, including renin, angiotensinogen, and angiotensinconverting enzyme, which is presumably involved in metabolic pathway or in the regulation of blood flow. These findings suggest that the epididymal fat would have a variety of physiological functions presumably involved in male reproduction.
The epididymal fat becomes greatly increased in weight with aging as a consequence of increases of fat cell size and number (Cleary et al., 1977) . Not only the age but also other factors, such as sex and food intake, could influence on weight gain of the epididymal fat during postnatal development (Hubbard & Matthew, 1971) . In addition, functional impairment of certain genes could induce abnormal hypertrophy of the epididymal fat. For example, leptindeficient (ob/ob) or leptin receptor-deficient (db/db) mouse has extremely heavy epididymal fat with increases of fat cell size and number (Johnson & Hirsch, 1972) . Interestingly, the epididymal fat of estrogen receptor  (ER)-knockout (ERKO) male mouse is heavier than that of wild-type mouse throughout entire postnatal period, and difference of the epididymal fat weight between ERKO mouse and wild-type mouse becomes more clear as ages (Heine et al., 2000) . Moreover, the exposure to exogenous compounds also gives an impact on weight of the epididymal fat. The oral administration of genistein, an estrogenic phytoestrogen, results in increases of epididymal fat weight and fat cell size (Penza et al., 2006) . The presence and expression of ER and androgen receptor in the epididymal fat have been reported (Dieudonne et al., 1995; Metz et al., 2016) . Together, these observations suggest that the development of epididymal fat during postnatal period could be influenced by various intrinsic factor(s) as well as exogenous compounds. 
